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IV. Evaluation on the materials performance.
I. Synthesis of graphene oxide precursor (in details);
Synthesis of CGO. Graphite powder (1 g, 325 mesh, dried at 60°C for 24 h) was added to 250 mL flask and followed by the slow addition of concentrated sulfuric acid (30 mL). Then the reaction slurry was vigorously stirred at 20°C for 30 min. After that, potassium permanganate (3.0 g) was added over a period of 10 min and the reaction system was further mixed by mechanical stirrer for another 10 min. The first-step oxidation was performed over 1 h under 35°C and the following second-step oxidation process initiated by the rapid addition of 30 mL H2O in 10 min and kept at 95°C for 15 min. The reaction was terminated by pouring the reaction system into 500 mL 20°C deionized water and the slow addition of 10 mL 30% H2O2 to reduce Mn(VII) species.
Synthesis of GO-20, GO-P4O10 and GO-5. Graphite powder (1 g, 325 mesh, dried at 60°C for 24 h) was added to 250 mL flask, followed by the addition of concentrated sulfuric acid (30 mL) in the case for GO-20/GO-5 and P4O10 dried H2SO4 (30 mL) for GO-P4O10. After vigorous stirring at 20°C (for GO-20 and GO-P4O10) or 5°C (for GO-5) over 30 min, potassium permanganate (3.0 g) was added over a period of 10 min.
The oxidation process was performed over 3 h under 20°C (for the production of GO-20 and GO-P4O10) or over 12 h under 5°C (for the synthesis of GO-5). After that the reaction was terminated by the same method specified in the preparation of CGO.
Exfoliation and purification of GO samples. All graphite oxide samples were separated from the reaction system by centrifugation at 1,000 g for 5 min. Then graphite S1 oxide samples were washed with 1,000 mL 1:10 v/v% HCl solution for 3 times by centrifugation. After washing with deionized water for another 3 times, the graphite oxide dispersion was exfoliated by mild sonication (input energy < 30 J L −1 s −1 ) at 20°C
for 10 min. After that, the GO dispersion was subjected to another 3 cycles of centrifugation at 1,000 g 20 min for each to remove the graphite powder and unexfoliated graphite oxide agglomerates. Finally, the GO dilute dispersion was concentrated by centrifugation at 10,000 g for 1 h, generating the GO stock at solid content up to 2 wt%.
II. Fabrication of functional graphene-based assemblies;
Fabrication of GO assemblies. Fabrication procedures of compact GO films, ultralight GO aerogels and GO fibers were elaborated in main text. Note that the freezing process of dilute GO dispersion (1.0 mg mL −1 ) for the fabrication of bulk aerogel without defects should be carried out slowly (over > 15 min freezing time for the processing of 50 mL GO dispersion).
Reduction of GO assemblies. Reduction of compact GO films was performed by soaking the film materials in HI acid (15 wt%) at room-temperature over a period of 12 h. Then the reduced GO films were washed with ethanol for 24 h to remove the adsorbed I2.
III. Characterization details;
Sampling of monolayer GO on mica or SiO2/Si substrate. For the measurements on size and shape distribution and thickness of GO flakes, high-quality SEM images of GO sheets assembled on SiO2/Si surface and AFM images obtained from the GO on mica surface were required. Herein, the sampling process was carried out by dripping diluted GO-ethanol suspension (0.01 mg mL −1 ) onto the SiO2/Si substrate (with 300 nm thick SiO2 on n-doped Si wafer, cleaned by sonication in ethanol) and by dripping GO-
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water suspension (0.02 mg mL −1 ) onto freshly cleaved mica surface followed by drying for 48 h prior to AFM characterization.
LD derived from Raman characterization. Raman characterization was conducted on monolayer rGO sheets assembled on SiO2/Si surface (reduced from GO monolayer, discussed in main text). According to the previous works 1−3 , the statistical results for ID/IG were closely related to the average distance between structural defects (LD) on graphene basal plane. Furthermore, for rGO monolayer samples prepared from chemically oxidized GO precursor, the relationship between LD and ID/IG was shown to follow the formula below 3 :
In which ( ) is the parameter related to the energy of laser (eV) used for Raman characterization and specified by ( ) = 160 −4 . rA and rS are the radius of the area enclosing the point defect and the area of point defect, respectively, they were set to 3.1 nm and 1 nm in this model. Then the specific formula for the calculation of LD through ID/IG value was obtained below:
Determination of water content in commercial concentrated H2SO4 used in this study. Water content in commercial concentrated sulfuric acid was determined by acidbase titration method. NaOH solution (~ 0.1 M) was calibrated by potassium hydrogen phthalate, employing phenolphthalein as pH indicator, for at least three parallel experiments that displayed standard deviation < 4‰. Then the diluted H2SO4 was titrated by NaOH solution, and the water content in concentrated H2SO4 was obtained by the formula below:
Comparison of graphene synthesis method in terms of the energy-efficiency and materials performance. The production of high-quality graphene in an energyefficient way was constantly explored. Herein the methodology that involves the production of graphene oxide precursor and the reduction process was used and we carried out comparison analysis on the energy-efficiency and the structural integrity of final graphene film materials based on the existed reports. Energy-efficiency is reflected in the energy-yield index (EI), which is defined below:
in which E(cooling) represents the energy needed to cooling down the reaction slurry to particular temperature and E(hydrolysis) is the heat generated through the secondoxidation process (if available). The expressions of which are shown below: represents the temperature at the point oxidants were added (e.g., 278 K in the synthesis of . is the molar heat capacity of pure H2SO4 at constant pressure.
All the thermodynamics constants and the calculation of differential heat of dilution (E(hydrolysis)) were referred to literature 4 .
In addition, the heat transfer efficiency was influenced by the temperature difference between the system and environment, henceforth we introduced η, defined below:
η represents the maximum cooling efficiency regarding the system as a reverse Carnot heat engine. In our model, the heat transfer (i.e., heat conduction, convection and radiation) between the reaction system and environment was not considered-in the actual production process, the energy loss could be corrected in η.
S4
Mechanical and conductivity test. The mechanical test was performed according to the standard determination of tensile properties of thin plastic sheeting 5 . The sample strips (with length > 25mm and width = 3.0 mm) were prepared by cutting GO films with razor blade. After that, tensile test was conducted on universal mechanical testing machine (Instron 3342, USA). The loading rate was set to 0.3 mm min −1 and the grip separation was 15.0 mm. Sheet resistance of rGO films were recorded by a four-point probe on the surface. The thickness of GO/rGO film was obtained from the SEM images of cross-section of each sample strip.
Fabrication of EDLC and the performance. Schematic illustration of the device structure of EDLC that employed rGO films as flexible current collector is shown in Figure S9a . The activated carbon electrode was composed of 80 wt% activated carbon (active materials), 10 wt% Super P carbon black powder (conductive materials) and 10 wt% PTFE binder. 1.0 M H2SO4 was used as the electrolyte. Cyclic voltammetry and electrochemical impedance spectroscopy (EIS) tests were performed and the results were recorded in Figure 5c and Figure S9 .
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Supplementary figures and tables. (Table S1 ). 
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